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Transmitted herewith is the report 'Need for Controlling
Salinity of the Colorado niver,'' which was adopted by the
Colorado River Board at its August 12, 1970, meeting.

The report presents the results of an appraisal of sources
of salinity of the Colorado River, probable increases in the

river's salinity that will occur in the future,

deleterious

impact that such increases will have on California's users of

Colorado River water, possible measures for con

trolling the

river's salinity, and recommendations for actions that,nif
effected, would tend to keep the river's salinity from increas-
ing above its present high levels. We will work in concert
with your office, other state zgenciles, and the Calirornia
agencies that use Colorado River water to implement its

»acommendations,

In preparing this report the Board's staf!
closely with the staffs of the Department or W
and the State Water Pesources Control Board.
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ked very
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lesources
helpful

consultations, review and comments are greatly appreciated,

Very truly yours,
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AVMOID R, DRUMMOIIDS
Chairman and Colorado River
Commissioner
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August 3, 1970
To: Members, Colorado River Board of California
FROM: Myron B. Holburt
Gentlemen:

I am pleased to submit the report by the Board staff en-
titled "Need for Controlling Salinity of the Colorado River."
I recommend that the Colorado River Board adopt this report and
together with other state agencies and California's Colorado
River water-using agencies seek implementation of its recom-
mendations.

The report shows that, since the early 1950's, there has
been a general rise in salipity of the Colorado River. At Parker
Dam, the salinity now averages about 740 parts per wmillion (ppm)
of total dissolvad solids, and at Imperial Dam, the salinity
averages about 850 ppm with substantially higher seasonal values.
If no salinity control measures are undertzken and water develop~-
ment projects are constructed as planned, average salinity at
Parker Dam is projected to average 1110 ppm by the turn of the
century. The year 2000 projection for Imperial Dam is 1340 ppm.

Salinity is a basinwide problem. Although most of the
developments affecting salinity will occur in the Upper Basin,
some proiects pilanned for the Lower Basin will also cause in-
creases in salinity at Tmperial Dam, High salinity causes sig~
nificant damage to the Lower Basin states of Arizona, Nevada,
and California, as well as the Republic of Mexico. It is diffi-
cult to precisely determine dollar values for damages. However,
in California alone it is estimated that the total cost is in
the order of 88 - $10 million a year for each 100 ppm increase
in salinity. The above figures indicate that unless salinity
control measures are undertaken, annual damages in California
may exceed $40 million by the year 2000.

Federal agencies have investigated a number of salinity
control projects on a reconnaissance level basis. If these proi=~
ects are ail constructed, they would remove 2.8 million tons of
salt per vear, or about 25 percent of the 11.4 million tons of
salt now estimated to be reaching Hoover Dam each year after the
year 2000, These salinity control projects are estimated fo
cost in the order of $380,000,000, and the unit cost of salt
removal would generally be in the range of $4 to $12 per ton of
salt per year. The annual cost is in the order of $3 for each
acre~-foot of mainstream water, Construction of these projects
in a timely manner would reduce the projected salinity at Parker
and Imperial Dams by about 25 percent.

The Federal Government bears a heavy responsibility to seek
cooperative sclutions with the states and concerned agencies to




Members, Colorado River Board -2~

Colorado Piver salinity problems since it has financed mcsit of
the projects that contribute to these problems, plans to finance
other projects that will increase salinity in the basin, and has
international obligations on the Colorado River,

The severity of the salinity problem requires that control
measures be started soon to prevent the projections indicated
earlier in this letter from becoming a reality.

The key policy objective should be to maintain the salinity
of the Lower Colorado River at or near present levels. In order
to meet this objective, construction of salinity control proj-
ects should be scheduled for completion coincident with comple-
tion of water projects that wculd increase salinity in the Colo-
rado River Basin. This will require two levels of activity:

(1) meetings with other Colovado River Basin states and the
Federal Covernment for the purpose of establishing an action pro-
gram to control Colorado River salinity within the framework of
basinwide planning, and (2) meetings with other basin states and
the Federal Government for the purpose of establishing numerical
values For Colorado River salinity criteria for incorporation as
part of each state's water guality standards under the Federsl
Water Quality acts, 4 legislative and financing plen needs to be
developed for a Colorado River salinity control progrem that
would provide for federal construction of salinity control
projects.,

Although there is no augmentation project in the planning
stage at the present time, California and the other basin states

should continue to work for augmentation of the Colorade River
as an additional solution to the salinity problem.

The State Water Resources Control Board's briefing confer-
ence on Colorado River salinity problems in September 1969 was
helpful in that it led to a memorandum of understanding concern-
ing this report between the Colorado River Board, State Water Re-
sources Control Board, and Department of Water DResources. We
received valuable assistance and counsel during the course of
these studies in preparation of the report irom the staffs of
the Stzte Water Resources Control Board, Department of Watex
Resources, Attorney General, and the California agencies ve-
ceiving water from the Coloradc River. In addition, esgential
data was obtained through the coopevation and assistance of the
Federal Water Quality Administration, This report was prepared
under the general direction of the undersigned, with direct
supervision provided by Vernon Valantine, Principal Hydraulic

Engineer,
. P! ) o L
T L A P )

MYRON B, HOLBURT

Chief Engineexr
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CHAPTER 1
INTRODUCTION

The purposes of this report are to evaluate the present and
future salinity of the Colorado River and to indicate ways to
alleviate damaging salinity conditions. It is intended that it
will generate a state policy on the pressing and complex inter-
state and intrastate problems relating to the river's salinity,
and assist in the development of salinity control programs with
the other Coloradc River Basin states and federal agencies.

The Colorado River Basin, a 244,000 square mile area com-
prising portions of the seven southwestern states of the United
States and of northwestern Mexico, is a significant source of
water for each of the states and Mexico. The geographic area of
the basin within the southwestern United States is depicted on
Figure 1, “Salinity at Selected Stations Within Colorado River
Basin."

At the present time, approximately 80 percent of the water
consumptively used in Southern California comes from the river.
This water is used for irrigation of nearly 700,000 acres in
Imperial, Coachella, Palo Verde, and Yuma Valleys in California
and as a supplemental supply for over 10,000,000 people in
coastal Southern California, The service areas for Colorado
River water inm California are shown on Figure 2, "California
Developments Using Colorado River Water."

The Board commenced the salinity studies in connection with

this report in the early part of 1969. The necessity to seek

“l-
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solutions to Colorado River salinity problems was also recognized
by the State Water Resources Control Board at its Colorado River
Water Quality Briefing Conference held on September 17, 1969. At
that time, Mr. Kerry Mulligan, Chairman of the State Water Re-
sources Control Board, stated the need for a report on salinity
problems in the Colorado River Basin and on the potential solu-
tions. The State Water Resources Control Board agreed that the
Colorado River Board was the proper agency to prepare such a
report. Subsequently, a memorandum of understanding was signed.
The Colorado River Board agreed to make the necessary studies
and to prepare the report; the Department of Water Resources to
consult, review, and comment on the report; and consultations
and meetings to be held as necessary with the State Water Re-
sources Control Board and the Colorado River Basin Regional Water
Quality Control Board. This report has been completed in con-
formance with the memorandum of understanding.

This report is of a reconnaissance level and makes maximum
use of published and unpublished works of other agencies. No
attempt has been made to raise legal issues as they are beyond
the scope of this report. All published sources used are listed
in the 4ppendix, The principal agencies supplying information and
data were the U. S. Geological Survey, U. S. Bureau of Reclama-
tion, Federal Water Quality Administration, Palo Verde Irrigation

District, Imperial Irrigation District, and The Metropolitan Water

District of Southern California.




During preparation of this report, constructive comments
were received from the latter three agencies and from the Los
Angeles Department of Water and Pover, San Diego County Water

puthority, Coachella Valley County Water District, and the

California Attorney General.




CHAPTER II
HISTORICAL ACTIONS RELATING TG SALINITY

Colorado River Compact

The 1922 Colorado River Compact apportioned water between
the upper and lower parts of the Golorado River Basin, It con-
tains no explicit provision regarding water quality.

Mexican Water Treatv

The Mexican Water Treaty, ratified in November 1945, provides
for "a guaranteed annual quantity of 1,500,000 acre-feet' of water
to Mexico from the Colorado River System. The Treaty states that
Mexico is to receive water "from any and all sources.' A review
of the records of presentations made by negotiators for each
country to their respective governments indicates a difference
in understanding with respect to water quality.

Upper Colorado River Basin Water Projects

A major plan for the development of the Upper Colorado River
Basin was approved by Congress in 1956 in a bill called the '"Colo-
rado River Storage Project and Participating Projects.’ The plan
called for the construction of several large dams, reservoirs, and
hydroelectric generating plants on the Colorado River and its
principal tributaries above Lee Ferry, and for an undefined number
of "participating” reclamation projects within the Upper Basin.

The Colorado River Board testified before Congress that con-
struction of the Upper Basin projects would have an adverse effect
upon the salinity of the waters reaching California users, and

that planning should take into account the salinity effects on

“lym




existing Lower Basin projects, This position was instrumental in
obtaining language in the Act that directed the Secretary of the
Interior to investigate and report periodically to Congress and
to the Colorado River Basin states on water quality conditions of
the Colorado River,

Amendments concerning the study of the river's water quality
and specifying a schedule for reporting thereon also were inserted
in authorizing legislation for the Navajo Indian Irrigation Pro-
ject, the initial stage of the San Juan-Chama Project, and the
Fryingpan-Arkansas Project. These projects provide both for in-
basin irrigation developments and diversions out of the Colorado
River Basin. It was hoped that, with the accumulation of basic
information on water quality and analyses of effects of future
projects, studies could be made of ways to alleviate salinity
problems. To date, the Secretary has submitted four reports on
water quality of the Colorado River Basin.

Minute No. 213, International Boundary and Water Commission

In the fall of 1961, the salinity of the Colorado River rose
sharply in the water arriving at the International Boundary for
Mexico as a result of the pumped drainage of highly mineralized
ground water that began earlier in the year on the Wellton-Mohawk
Project in Arizona. These highly saline waters from the Project
were discharged into the river downstream of all United States
diversions, but upstream of all Mexican diversions. The Mexican

government immediately lodged strong protests with the United

States Government over the river's salinity.




The United States and Mexico met to discuss the problem, and
in 1965 entered into a five-year agreement that was embodied in
Minute No., 213 of the International Boundary and Water Coummis-
sion. The agreement provided for comstruction and operation of
a channel that can bypass saline drainage water from the Wellton-
Mohawk Project around the Mexican point of diversion at Morelos
Dam, It also gives Mexico the right to decide when drainage water
is to be bypassed, and further provides that during the period
from October 1 to February 28, when Mexico is taking water at the
minimum winter rate, the United States is to control waters reach-
ing the limitrophe section of the river so that, without including
Wellton-Mohawk drainage water, the flows will average the minimum
winter rate of 900 cubic feet per second. Compliance with the
Minute has resulted in total deliveries to Mexico in excess of
1,500,000 acre-feet per year.

The five-year interim agreement expires on November 15,

1970, and steps are now underway to extend the present agreement
or to negotiate a new one,

Protection of Quality Under the Water Quality Act of 1965

The principal legislative act that sets forth the responsi-
bilities of the states and the Federal Government with respect
to water quality of interstate waters is the Water Quality Act of
1965 and amendments thereto., The 1965 Act required that each
state establish water quality standards for interstate and coastal
waters within the state. These standards include water quality
criteria and a plan for implementation and enforcement and were
to be gsubmitted to the Secretary of the Interior for his approval

by June 30, 1967.
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Cuidelines of the Secretary of the Interior

In May 1966, the Secretary of the Interior issued the '"Guide-
lines for Establishing Water Quality Standards for Interstate
Waters" under the Water Quality Act of 1965. These guidelines
advised the states of the contents of the standards deemed neces-
sary for acceptance by the Secretary.

The guidelines stated that the purpose of establishing water
quality standards was to "enhance the quality of water’ and in no
case would standards be acceptable that provided for less than
existing water quality, Further, all wastes amenable to treat-
ment must be treated prior to discharge into any interstate water
regérdless of the water quality criteria or uses adopted.

Development of Colorado River Policies and Standards

In 1966, representatives of all seven Colorado River Basin
states met to consider a common framework of guidelines so that
the water quality standards for the Colorado River System, to be
set separately by the seven states of the basin, would be mutually
compatible.

The conferees did not attempt to settle the very difficult
problem of establishment of numerical criteria for salinity. In~
stead, it was agreed that the proposed water quality standards
should state the criteria for salinity in qualitative terms only,
pending the acquisition of more data and knowledge. The conferees
finally agreed on January 13, 1967, to a document entitled *'Guide-

lines for Formulating Water Quality Standards for the Interstate

Waters of the Colorado River System.'




Based upon the guidelines, the California State Water Quality
Control Board adopted policies and standards for the Colorado
piver and submitted them to the Secretary of the Interior., The

other basin states also adopted standards which were essentially

based on the guidelines.

Numerical Criteria for Salinity

The conferees of the seven Colorado River Basin states fur-
ther considered the question of setting numerical limits on
salinity, and at 2 meeting on November 15, 1967, passed a resolu-
tion that contained the following:

YRESOLVED, that the Conferees urge the completion of
water quality reports of the federal agencies at the
carliest practicable date, and that thereafter the basin

states and federal agencies again consider the setting of

salinity standards for the Colorado River System; and
be it further

“RESOLVED, that the Conferees hereby urge the FWPCA

to consider the approval of the water quality standards of

the seven Colorado River Basin states conditioned upon

ultimate establishment of acceptable numerical salinity

standards after completion and consideration of FWPCA

and Bureau of Reclamation reports presently underway .’
At the time this statement was agreed to, it was expected that
the Federal Water Quality Administration report, which is the
major water quality study effort on the basin, would be completed
within a year. To date, this report has not been released. The
Bureau of Reclamation report, ''Quality of Water Colorado River
Basin' Progress Report No. 4, January 1969, has been released.

The statement of position by the representatives of the

seven Colorado River Basin states was apparently recognized by

the Federal Covernment. Shortly thereafter on January 30, 1968,




Secretary of the Interior Stewart Udall testified at hearings of
the House Interior and Insular Affairs Subcommittee on Irrigation
and Reclamation regarding water quality standards. At that time,
he presented z statement that contained the following sentence:
"pefore discussing this problem further, I would

1:ke to state that salinity standards will not be

established /For the Colorado River/ until we have

sufficient information to assure that such standards

will be equitable, workable, and enforceable."

The same position was reiterated by Assistant Secretary of
the Interior Max Edwards in a letter dated February 12, 1963. At
this time he also stated that the Department of the Interior in-
tends to pursue active programs to lay the foundation for setting
numerical standards at some future time.

California's proposed standards for the Colorado River were
accepted by Secretary Udall on January 9, 1969, with the require~
ment that the state provide certain additional quality parameters
such as numerical thermal values. These standards, of course,
contain no numerical limits on salinity.

I1f the states do not adont numerical criteria for salinity,
after a complex procedure including conferences with the states,
the Secretary could establish the criteria himself, Should stan-
dards accepted by the Secretary be violated, the Secretary could
seek to enjoin such a violation. While the steps in such a pro-
ceeding are too lengthy to fully describe here, the essence of

such a procedure is that the Secretary, through conferences and

public hearings, seeks to effect a solution which ultimately may

be enforced by court action.




Anti-Degradation Statement

In February 1968, Secretary of the Interior Udall requested
that each state include in its water quality control policy sub-
mitcted for approval a statement declaring that no further water
quality degradation would be permizted under the standards ap-
proved. Most of the western states had some reservations as to
the content of such a statement, and these were later resolved.

Accordingly, the California State Vater Resources Control
Board adopted an anti-degradation statement to be included in all
of the state's water auality control policies. This statement was
accepted by the Secretary of the Interior on January g, 19469.

The essential points of that statement are contained in the fol-
lowing excerpt:
“/E/xisting high quality of water will be main-

tained until it has been demonstrated to the State

that any change will be consistent with maximum benefit

to the people of the State, will not unreasonably affect

present and anticipated beneficial use of such water

and will not result in water quality less than that
prescribed in the policies.”

-10-




CHAPTER II1
HISTORICAL AWD PRESENT SALINITY

The mineralization or salinity of the Colorado River is not
a special occurrence but 55 common to all rivers; however, the
salinity of the lower Colorado River is considerably higher than
that of most major rivers. All natural waters contain dissolved
mineral matter, as water in contact with soils or rock will dis-
solve some rock materials. The quantity of dissolved minerals in
a natural water depends primarily on the type of rocks or soils
through which the water has passed and the length of time of
contact.

The concentration of dissolved solids in the Colorado River
has been increased by the activities of man, primarily through
application of water to lands for irrigation, and return of the
diverted water's salts to the river together with those salts
picked up in the process. Other man-caused sources of salinity
are drainage from mines, abandoned wells, 0il field and other
industrial discharges, and municipal wastes.

Both the natural and man-made sources have been analyzed and
projections have been made of the future salinity of the river,
based on the sources of mineralization. Production of dissolved
salts within the basin is generally related to the annual runoff;
however, the relationship is imprecise. At Lee Ferry the total
salt load can vary within about one million tons for any one

value of annual runoff.

-11-




1/

The weighted average salinity='occurring at various loca~
tions on the Colorado River and its major tributaries during the
period 1963-67 is shown on Figure 1. As the figure indicates,
the salinity of the river and tributaries generally increases

from headwater locations to downstream locations.

Causes of the River's Salinity

The changes in salinity indicated on Figure 1l are caused by
the increasing input of salts and the consumptive use of water as
the water flows downstream. The variations in salinity between
the streams are also due to variations in the solubility of min-
erals in the watershed rocks and soils.

Natural Origin Sources of Salinity

The salts of natural origin are produced from sources that
may be classified as either diffuse or point. Diffuse natural
sources are characterized by salt accretions from large drainage
areas. Point sources include springs or seeps and highly miner-
alized streams that flow from a small area. An analysis by the
U. S. Geological Survey concluded that, in the absence of any use
by man, the Colorado River at Lee Ferry would have had a long-
term weighted average salinity of around 250 ppm (containing about

5,100,000 tons per year in a virgin /undepleted/ flow of about

1/ This report follows a system of reporting the river's salinity,
or total dissolved solids, in parts per million parts of solu-
tion (ppm), although much of the analytical data used state
concentrations in milligrams per liter (mg/l). Except for
higher concentrations above about 7,000 ppm, the two systems
are numerically equal. Most of the total dissolved solids data
were determined by the “sum of constituents’ method, and sgme
were determined by the 'residue" method with drying at 180°¢.
U. S. Geological Survey paper, W.5.P. No. 1473, discusses these
methods.
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15 million acre-feet per year, based on the 1914-537 hydrologic
period). During the sawe time period, the river’s actual salinity
was about 500 ppm,.

At Hoover Dem about 77 percent of the salt of natural origin
ig from S&iffuse sources, and ebout 23 percent is from point

-

s significent, inasmuch as point sources are

|~

sources. This ratio
susceptible of control whereas diffuse sources generally cannot be
controlled.

Diffuse Sources. The high mountain areas of the Colorado

River Basin are almost entirely made up of weather resistant,
crystalline rocks containing constituents of very low solubility.
As a result, the rvunoff from the high mountain areas has a low
salinity. However, due to the large areas contained in these
portions of the watershed, the total tonnage of salt picked up is
significant, The minerals in the watershed at lower elevations
in the basin generally have a relatively high solubility which
results in runoff from precipitation on these lands having a
higher salinity than the water from the higher elevations.

The quantity of ground water, and concentration of the dis-
solved solids in the ground water, entering the streams greatly

he streams. During

re

influences the salinity of the water in
periods of low flow, much of the water in most streams is emerging

-

ground water containing a higher salinity than direct runoff
originating from precipitation or snowmelt. As a result, the
streams reach their seasonzl peak in salinity concentrations

during the low~flow periods of each year.
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During the 1914-57 period, diffuse sources have contributed
an average of approximately 4,200,000 tons of salt per year to
the Colorado River upstream of Lee Ferry. The Colorado River
between Lee Ferrv and Hoover Dam shows an average annual gain of
1,412,000 tons of digsolved solids from diffuse sources for the
period 1941-66, Approximately 570,000 tons of this total origi-
nate in tributaries where salinity records are available. The
halance of 043,000 tons probably originates from unmeasured flows
and from soluble deposits in Lake llead.

Between Hoover and Imperial Dams, the only sizable inflow
containing salts from diffuse sources is the Bill Williams River,
which has an average annual flow of about 70,090 acre-feet into
Lake Havasu, together with an average annual salt lcad of 52,000
tons.

Point Sources. Many thermal springs and other natural point

sources discharge highly saline flows into the basin's streams.
While their combined flow is relatively small, their net effect
upon the river's salinity is important. The annual water and dis-
solved solids contributed by all known natural point sources in
the Upper Basin is 53,000 acre-feet and £90,000 tons, respectively.
Between Lee Ferry and Hoover Dam, point sources contribute 232,000
acre-feet and 726,000 tons of dissolved solids annually, Records
indicate that these values do not have large yearly variations.
Point sources contribute anproximately 15 percent of the total
salt load, natural and man-made, reaching Hoover Dam. The natural
origin point sources are tabulated in Table A in the Appendix,

together with their water and salt contributions.
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Reservoir Ewvanoration and Tyansmountain Diversions

The removal of water by evaporation increases the salinity
of the remaining water by concentrating the water's salt con-
tent in a water volume reduced by fhe amount of evaporation.
Before completion of the Colorado River Storage Project reser-
voirs within the last few years, evaporation from reservoir sur-
faces in the Upper Basin was minimel, During the 1906¢ water year,
Upper Basin reservoilr evaporation amounted to 320,000 acre-feet,
which was responsible for 17 ppm of the salinity at Lee Ferry,
this amounts to an increase of 5.3 ppm for each 100,000 acre-
feet evaporated.

Lower Basin reservoirs have been evaporating water for
many years. With the exception of Lake iMead, water surfaces of
the Lower Basin reserveirs are almost identical from year to year,
following essentially the same pattern of filling and drawdown
each year. Lake Mead, the major storage reservoir for the Lower
Basin, has experienced substantial fluctustions in storage.
During the 1963 water year, evaporation from the three main Lower
Basin reservoirs--Lakes Mead, lMohave, and Havasu--was estimated
to be S44,000 acre-feet, which was responsible for &0 ppm of the
salinity below Parlker Dam; this amounts to an increase of 8.4
ppm for each 100,000 acre~feet evaporated,

Because diversions from the Upper Colorado River Basin into
surrounding basins occur at or pear the headwaters, the water
diverted contains only a small portion of the minerals that would

be released below Lee Ferry in the absence of diversions. Thus,

15~




the effect on Lower Basin salinity of Upper Basin transmountain
diversions is very similar to the effect resulting from increased
reservoir evaporation--the concentration increases with increased
diversions.

At the end of the 1957 water year, an average of 468,000

jm

acre-feet of water and 38,000 tons of dissolved solids were
being diverted out of the Upper Colorado River Basin in trans-
mountain diversions. By the 1087 water year, this had increased
to about 570,000 acre~feet of watevr and about 59,000 tons of
dissolved solids., The net effect of such diversions on the
river's salinity at Lee Ferry has been to increase the salinity
by 19 ppm, as compared with natural conditions. This amounts

to an increase of 3.3 ppm for each 100,000 acre-feet of water
diverted.

Municipal and Industrial Uses

Municipal and industrial water use is fairly low at pres-
ent in the Upper Basin, being 59,000 acre-feet during the 1665
calendar year. However, even under present low use rates, about
130,000 tons of dissolved sclids were added to the stream system
during the period June 19065 to May 1966 by Upper Basin municipal
and industrial water users. This represented about one and one-
half percent cf the total salt load in the river at Lee Ferry,
The large tonnage of szlt added to the river relative to the
small municipal and industrial consumptive use is due primarily

to the magnitude and type of industry in the Upper Colorado
y 2

River Basin, with the major source of salts originating in the




return to the river of large gquantities of water that are used
to separate minerals from ores by solvent extraction processes.
Municipal and industrial sctivities in the Lower Basin

added about 23,000 ¢

O

ns of salts to the river during the 1965-66
period, GFf this total, 5,000 tons were added to the river below
Imperial Dam, the last point of diversion by California users.

Trrigation Uses

The water comsumed in the procezss of jrrisetion is lost
through evapovation during conveyance and by evapotranspiration
hoth from the irrigated crops and from other vegetation between
diversion of the water and its return to a stream. By this pro-
cess, the river's mineral load is concentrated in a smaller
volume of water and reiurned to the river. Also, additional min-

evals are added to the river's water by being dissolved wnile

oy

n transit through ivrigated lands and back to streams; this
latter process is called salt pickup through irrigation. Through
these processes, the salinity of he water is increased.

The Federal Vater Quality Administration estimated that for

the period June 1965 to May 1966, 3,500

2, 00 tons of salt were

"]
L.

added to the river system through the process of salt pickup
from irrigated lands in Upper Basip irrigation projects. Based
upon the maximum dependable water supply, the salt from irriga=-

tion pickup was responsible for L0 percent of the river's salin-

ity at Lee Ferry, while the concentrating effect of consumptively




using 2,100,000 acre-feet for irrig ation was responsible for ten

percent of the river’'s salinily.
The Federal 1 r Quality Administration recently conducted

¢ pickup from irrigated areas in the Upper Colo~
rado Diver Besin, In salt balance analyses made of individual
areas for the year 1965606, it was found that the salt piclcup
variation was from O.1 to 3.5 tons per iryigated acre ner year,
The data developed from these analyses differ somewhat from
that developned by the U. 5., Geological Survey for the same aresa
for the 1914-57 period, but confirm the geneval conclusion of
the latter study that salt pickup is continuous. Table 1 lists
the salt'pickup developed in the aforementioned studies for a
number of areas witch a long history of irrigation. The salt

pickup from &ll Upper Basin areas averaged about 1.7 tons per

l‘-’

iyriecated acre, based on the 1885-64 data., It should be noted
]

[

vhat rhese velues of salts picked up per irr

gated acre are in
addirion to the salts diverted from the stream system and re~

turned ithereto.

-18-




TABLE I

8ALT PICKUP FROM AREAS WITH A LORG HISTORY
OF IRRIGATION IN THE UPPER COLORADO RIVER

BASTHN

(Tons per Irrigated Acre per Year)

Average
Year Salt Pickup Annual
Project Name Irrigation 1965-1966 a/ Salt Pickup

or Area Began 1914-1957 b/
Grand Vealley, Colorado 1881 b o
Uncompahgre Iiver Valley,

Colorado Prior to 1903 Ga7 5.0
Duchesne River Basin, Utah Prior to 1905 3.0 3.3
Big Sandy Creek .Basin,

Yyoming 1907 5.6 4ob
Castle Valley, Price River,

Utah 1883 L) —-_——
Lower Gunnison River Valley,

Colorado 1862 6.7 5.0
Ashley Creek, Utah Prior to 1900 4o2 2.1
Little Snake River Basin

Dixon to Baggs, Colorado Prior to 1902 0.5 1.2
Tomichi Creek Basin, Parlin

to mouth, Colorado Prior to 1900 0.3 -
Florida, Los Pinos, and Animas

drainage ereas, Coloredo Prior to 1913 0.2 -
La Plata River Basin,

New Mexico Prior to 1913 0.3 1.4

a/ Federal Water Quality Administration open files, Denver, Colorado. The

= yzlues in this column may be higher than long term average values be-
cauce 1965-1966 was a year of above normal precipitation following &
year of below normal precipitation.

b/ "Water Resources of the

~19-

et al.

Upper Colorado River Dasin - Technical Report"
Geolopical Survey Professional Paper 441, lorns,
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enificance are the records of the Grand
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Valley and Uncompahgre River Valley areas. Irrigation began in
the Grand Valley in 1801, after wmore than 80 years of continuous
irrigation, observed salt nickup ip 1965-66 was approximately

<

eight tons per irrigated acre per year. In the Uncompahgre River

o

Valley, irrismation begen prior to 1903, and the observed salt

[}

s

4

FZ‘

piclkup during 1235-6% from this valley amounted to about 6.7 tons

per irvigated acve per year

pased on records developed during the course of the Federal
Water Nuality Administration's analysis, it has been concluded
that salt pickup from irrigated areas will continue indefinitely,
with the amount of dissolved salts added from each irrigated area
being dependent upon soil mass and underlyving geologic formations,
as well as on the volume of applied water.

Tn a 1963-64 study by the Federal Water Quality Administra-
tion, it was found that salt contributed from frrigation In the
Lower Basin during that year varied from 3.5 ton per irrigated
acre on the Colorado River Indian Reservation, to 2.1 tons per

o

zlo Verde Irrigation District, and Z.3

7.

rigated acre Lrom the

“Cf

tons per irrigated acre from the Virgin River irrigated lands.

0

Because the Indian Reservation irrigated acreage was rapidly in-
creasing during the pevioc tested, the data may not truly repre-
sent the long-term nickup of salts from rhai area., Further, a
portion of the salt added by Palo Verde Irrigation District was
caused by deepening existing drains which lowered the ground=-

water table and resulted in a removal of salt that had been

“20~
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temporarily stored in the erouni woter. Upon complet ion of the
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Cibola cut, e new channel for the river in the area, the Palo
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Verde drain outlet may de lowered several feet, resulting
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rvict's water table is stabilized at o lowew level, it is ex~
pected that the szlts pd icled up from the lands will be less than
one~half the value measureé ‘m 1953-04.

he period Hoveuber 1983 to Jctober 1964, ircigated
agriculiure in the Lower Basin between Parker and Imperial Dams
added abou: 197,000 tons of salt to the river.

Phreatophyies, River, =nd Backwater Areas

Through water lost to the river system from consumption by
phreatophytes and by evaporation from the river's water surface
and its backwater areas, the river's salinity increases by con=-
centrating salts into a smaller volume of water. Water is lost
to the river system from these causes in both the Upper and Lower
Basins; however, the loss Is of much greater significance in the
Lower Basgin below Davis Dam. The U. 5. Geological Survey has
recently estimated that water consumed by phreatophytes and lost
by evaporation from the river's surface, excluding evapcratien
from Leke Hevasu, averages 580,000 acre-feet pev year between
Davis and Imperial Dams, and amounis €O about seven percent of
the water currvently veleased et Hoover Dam. Present losces be-
tween Imperial Dam and the Mor+herly International Boundary amount
to about 53,000 acre-Ifeet, or 3.2 percent of the watexr passing

Tmperial Dam for delivery to texico.

-21-




Due to the small amount of salts added to the contents of the
river between Davis and Imperial Dams in relation to the total
salt load of the river, the effect of evaporation and pbreatophyte
losses on the river's salinity is approximately proportional to
the ratio of volume of losses to total river flow volume. Present
losses between Davis and Imperial Dams exclusive of evaporation
at Lake Havasu result in an increase in the overall salinity con=-
centration of approximately 70 ppm, or about 3 percent of the
salinity at Imperial Dam. Most of these losses are not salvage-~
able.

The Lower Colorado River Management Program proposed by the
Bureau of Reclamation plans on reducing losses by clearing 42,000
acres of phreatophytes and by eliminating some of the shallow
backwater areas as part of a balanced work program combining flow
management, recreation, and fish and wildlife preservation and
enhancement. Completion of the work remaining in the proposed
program between Davis and Imperial Dams is estimated by the Bureau
to salvage approximately 220,000 acre-feet per year. Prevention
of this loss would reduce salinity at Imperial Dem by about 30
ppm, amounting to about three percent of current salinity at
present levels of water use in the Lower Basin.

Between Imperial Dam and the Northerly International Boundary,
completion of the Management Program would prevent losses of about
25,000 acre-feet annually, reducing the salinity at the Northerly

International Boundary by an additional 13 ppm, or one percent,

-29-




Salinity of Water in the Upper Basin

A1l of the salinity effects in the Upper Basin are reflected
in records at the Lees Ferry station on the Colorado River in
northern Arizona. The salt load passing Lee Ferry, Upper Basin-
Lower Basin division voint located one mile downstream of Lees
Ferry, averaged £,155,000 tons per year for the period 1941-56,
and has been estimated to be around 3,700,000 tons per year for
the period 1014-57, adjusted to the 1957 level of development.
This latter estimate was developed by the U. 8, Geological Survey
using correlation methods ané statistical studies.

There are several hydrologic periods pertaining to the Colo-
rado River that have been used by various agencies for determining
hydrologic conditions for either long-term water supply analyses
or in salinitv analyses. The Bureau of Reclamation and the Fed-
eral Water Quality Administration in thelr current galinity
studies on the Colorado River have been using the 1941-66 and
1942-51 hydrologic periods. Average annual virgin flows at Lee
Ferry for these periods are 13.5 and 12.4 million acre-feet,
respectively.

These flows are lower than most that have been used for

-+
L

estimating water supply for project cevelopment. The Bureau of
Reclamation has used a long~term period which commenced near the
turn of the century with an average virgin flow at Lee Fervy of
15.1 million acre-feet per year for its water supply studies.

Studies by other agencies have referred to average annual virgin

flows of 14.5 million acre-feet for the 1914-55 period, 13.08

-23-
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The analysis made in this report is based on studies of the
water supply of the Colorade Piver which indicare that, consider-
ine all known factors, the dependable average annual virgin flow

s no more than 14 million acre-feet. With this

s

at Lee Teryy
virgin flow, the mean annual salt load under current (1963-57
conditions of development at Lee Ferry was estimated to be 8.5

million tons.

calinity of Water in ithe Lower Basin

Salinity cdata have been collected at key stations on the
main stem of the Colorade [iver since 1941. Although there have

been some dips, these data Iindicate an overall trend of rising

[

salinity since the early 19507s,

Figure 3, ""Five-Year Moving Average Salinity, Colorado River
Below Lees Ferry, Arizona,'shows the effect of location on his-
torical changes in salinity. The moving averages tend to elimi-
nate some of the fluctuations of the annual data., TFour stations
on the river are plotted: Lees Ferry, Grand Canyon, Parker Dam,

and Tmperial Dam. The date zit three of the stations began in

5]

1041; thus, the initial point for the curves is 1945. Data tor

verrence in the salinity of the river over a period of time.

Salinity curves For Pari
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in the factors contributing to salinity between these two points.
The major factors ere <iminuzicn of surplus flows starting in the
late 1950°s, increasingly lazner quantities of water being con-
sumed between the two points, and aldition of more salts in the

river berween the two poinits. For the five~year period ending

with 1955, the difference hetween Parker and Twperial Dam stations
was 75 pom. For the period ending with 1985, the difference was

130 m. bhen the above Faciors hecome stabilized, the differ-
PP s

ential in the iinicy between the two points should
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become relatively constant,

o »

significance in aralyzing the curves is tne two-year

s -
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ases in salinity at these two
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stations as compared with changes occurring at the two upstream

stationg. This time lag evidently reflects the nampen*n effect
of storage in Lake llead, It is significant that there is a trans-
mission of variations in salinity at Lees Ferry and Grand Canyon

being passed throusch Lalkie Mead to the lower river.

hhinl

Table 2 shows the source of salts arriving at Lee Ferry, en

approximation of the movemen:t of sali between Lee Ferrvy and Iin-

perial Dam on 2z pro forme basis with an average ennual virgin rflow
of 14 million acre-feet per year and the 1933-67 level of man's
activities,

Variations in Jalinitv ot Imnerizl Dam

Due to the larpe volume of regervoir storage now available

L3

ey H

in the Jolorade River Desln, extreme annuel fluctuations tner

-

£lly marxed the eeliniiy of the Tower Colorado
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TABLE 2

R0 TORMA SALT LOAD OF COLORADO RIVER AT SELECTSD STATIOHS
(snnual Average in Thousands of Tons a
Under 1963-67 Development Conditions) —

Total Salts in
Sources of Salt Load Quantity of River at End
. Changes Salts of Reach

Infloy to Lake Pouell

Natural Diffuse Sources 4,000

Natural Point Sources 500

Irrigation Salt Pickup 3,500

Municipal and Industrial 130

Transbasin Diversions - 50 8,480
Total 8,480

Temporary Storage in Lake Powell ~ 2,460

Releases .from Lake Powell 6,020

Changes, Lee Ferry to Hoover Dam

Natural Diffuse Sources 1,400
Natural Point Sources 700

Total 2,100 8,120
Releases from Lake Mead 8,120

Changes, Hoover Dam to Parker Dam

Natural Diffuse Sources 50
Diverted by Metropolitan Water
District - 1,050
Total - 1,000 7,120

Changes, Parker Dam to Imperial Dam

Irrigation 350
Total 350 7,470

a/ Salt tonnages from natural sources based upon long-term average
T virgin flow of 14 million acre-feet.
Salt tonnages from activities of man are based on current (1963-
1967) levels of activity.




aiver have been considerably vaduced, However, there vemains &

mavked seasonzl Fluctuation in the river's salinity that affects
rhe wa-er userc that dlivert ai Tmnerial Dam,

Because of the adverse effect of these sea onal fluctuations
on irrigation In the Imperial and Coachella 1leys, an analysis
fhae T e a iy bass £ ot sangonal e g 1
has Dzen mace ofl & Monwy ¥ opafxs 0x Thne 58a8Chc VAT LaTLOnS n

saliniry at Tmperial Dam since 1901. The enalysis included con-
siderarion of the viver's flow and salt loading at Parler Dam,

+he diversions and Teturns Lo toe wlyse thar oceour becween Parker
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The chenges in salinity in this reach of the river for the
10G2-67 period zve indicated on Figure £, “"Chanre in Flow and

- - - ’ T
Calt Load, Colorzdo River between Parker Dam and Imperial Dam,

The added guantity of salt pickup resulting from ivvigation in
Palo Verde Irrigetion District and Colorado niver [ndlan Reserva-

~ion amounted to en averese of 247,000 tons per year, oY about

e salinity incrvease between Parker and Imperial Dame
was 133 ppm, amounting te an 12.7 persent increzse. Cnly about
"l . - TS N iy e L. ra=-ion K] - "t 2T,
30 percent of tThis incresse in concentracion =8 due to salt prek-
up by ivrigation and the remainder Is caused by watar consump-

ively used

rion and by other losses in this reach of

the river.
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The possibility thait seasonal filling and iraining of back-

i
i

D

water areas along the viver may alse contribute to seasonal varia-
cions in salinity was discussed with officials from the Bureau of
Reclamation, Imperial Irrigation District, and Ccachella Valley

1! available data were analyzed. Based

5]

County Water Distyict, and
on this information, it was concluded that perioedic draining of
backwater areas has only minimal effects on the river's seasonal
variations in salinity, The cause of sharp rises in salinity
that eppear for several days at a time at Imperial Dam during
winter months was not investipaired, however, and needs further
investigation.

Prior to 1961, large flows occurred in most months of most

"

yvears that were in excess of Lower Basin uses and the Mexican
Treaty allotment. The loss of dilution by these surplus Elows
has been a significant factor in salinity increases at Tmperial
Dam in recent years.

5 g
L

igting of average monthly flow at Imperi-

{=4

Table 2 contains a

3

o

al Dam for three consecutive eight-year periods £from 1245 to 1968,
These data indicate that substantizl decreases in average monthly
flow at Imperial Dam occurred from the earliest eight-year period
to the latest, particularly during winter months. These reduc-

Eard ]

t ions become significant when related to the quantity of irriga

a

tion returns entering this reach of the river. Prior to 1951,
irrigation returns of the Colorado River Indian Reservation and
Pzlo Verde Irrigation District in low flow winter wmonths amounted

to less than ten percent of the water arriving at Imperial Dam.

23




Table 3

AVERAGE MONTHLY FLOW COLORADO RIVER AT IMPERIAL
DAM FOR CONSECUTIVE EIGHT-YEAR PERIODS

(In Thousands of Acre-feet)

tlonth 1945-1952 1953-1960 1961-1968
January 1019 715 309
February 980 575 364
Maxch 1075 738 581
April 937 796 623
May 931 750 572
June 568 733 622
July 871 847 716
August 855 813 698
September 818 655 536
October 863 553 418
November 851 489 307
December ___ 970 549 265
Total 11,038 3,213 6,011
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Since 1961, with the reduction in meinstiream flow

0

. vigal:
—erurne have exceeded 20 percent of the flows arriving at Im=
erinl Dam cduring some of the winter months of most years.

is drainage veturns are of relatively nigh salinity, theix
effoct has been to raise the salinity of the water at Tmperial
Tem. The effect would vary dizectly with the ratios between

th

=

ceturn Flow and toral flow; for exanple, in Jenuary, a month w

£

a hish vetio of rerurn to teotal flow, rhe zverages indicate that

an incresse of 02 ppm fa salinity at Twperiai Dam could be

cpibured o reduced viver fiows since 1801, During the spring

Imperial Deom, ' illustrates tne relationchip between veturn flows,
reduced river Fflows, and the river's salinlty for the years 1967,
1955, and 1989, The figure showe that the river's salinity
vreaches its annual peel: value during the winter months when
irrigation returns often exceed 20 pexcent of the Slow at Im-

a
perial Dam. The salinity drops duriag the spring and summer

fois

4

months when irrigation refurns are only about ten percent of the

flow gt Imperial Daam,
Uacer conditions of continuing river operations that restrict
~iver flows below Parker Dam to only those necessary to meet de-

3

been the pro-

tor varishle factor vesponsible for
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SEASONAL VARIATIONS IN FLOW
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seasonal variatioms in salinitv at Imperial Dam appears to he the
rario of irrigetion returns o totel flow at Imperial.

Salinity of Water Available for Use in Mexico

The United States includes in 1ts delivery computations return
flow from the Yuma Valley delivered to the border at San Luis in
Sonora, Mexico, as well as all return flows entering the Colorado
niver itself below Imperial Dam. The deliveries to Mexico are
tabulated on Table &4, Prior to 1261, these return flows were not
significant in most years and amounted to 13 percent of total flow
to lMexico in 1960. However, when releases from storage in the
United States were limited to downstxeam consumptive use, and the
return Flow from Welltom-Mohawk Project commenced, the proportion
of return to total flow more than doubled, being 26 percent in
1941 and 30 percent in 1962. Since 19562, the return flows have
been about 32 percent of the total delivexy to Mexico. The de-
creased flows from storage and increased flows of higher salinity
drainage water have had a major affect on the salinity cof water
to Mexico.

£11 drainage waters tend to be of higher salinity than the

water source used for ivvigation, but the pumped drainage from

ground water in the Wellton-Mohawk Projiect has been exceptionally

()]

salty. Initial flows in 1961 of the Wellton-Mohawk drainage
waters had an average annual salinity in excess of 6,000 ppm, but
the salinity has been steadily dropping over time, reaching 4,100

ppm in 1969.

The effect of the Weilton-Mohawk drainage water was especially




Table &

SOURCES OF COLORADO RIVER FLOWS TO MEXICO
{Acre~Feet per Year)

Calendar From Above Return Flows Below Return Flows as a

Year Imperial Dam {mperial Dam Totabéf Percent of Total
1960 2,175,700 327,730 2,507,430 13,1
1961 1,349,700 439,060 1,838,760 26.6
1562 1,380,150 596,720 1,976,870 30.2
1963 1,382,100 621,798 2,003,893 31.0
1964 1,133,200 522,230 1,655,430 31.5
1965 1,189,000 493,661 1,687,661 25.0
: 1066_3/ 1,104,800 551,300 1,656,100 33.3
ﬁi 1947 Qj 1,067,140 496,540 1,559,000 31.9
1 1968-9/ 1,001,720 501,020 1,562,700 32.0
1969 gj 1,021,200 540,300 1,562,000 3.6

a/ Including {lous crossing land boundary at San Luis and those discharged to the river below
Morelos Dam.

b/ Figures from Report on Fourth Yeasr's Operations for Selution of the Colorado River Salinity
Problen lader ilinute HWo. 238 of the International Boundary and Water Commission, Hovember 17,1962,




e of deliveries permitted by the Treaty., [During the £irst
szer of operation of the drainage project, Ceoloracde River water,

frneiuding weturn flows, reaching Mexico during the winter months
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¢ dreia amounted to less than ten

n

iow o Mexico, the salinity was about

On November 13, 1835, drainage from the Uellton-Mohawi valley
was discharged Into & chaunel comsivuciad in Ffulfillment of an
agreemeni with Mexics, marking the beginning of
period authorized by liinute HWo. Z15 o
and Water Commission.

» of Colorado River deliveries to

Mexico, due largely to commencement of Wellron~lMohawk drainapge

[-h

filows in 1931, and the decrease in recent years, due o operatl

0il s

-0 Minute Wo. 210, are shown in Table 5. The average

annual selinity at Tmperial Dem is shown for compara tive purposes.




Table 5

SALINITY AT IMPERIAL DAl AND THE
WORTHERLY INTERNATIONAL BOUNDARY

(in parts per million) 2/

At Northeriy At
Calendar International Imperial
Year Boundary Dam
1959 700 750
1960 510 760
1961 1360 820
1962 14940 520
1963 1360 790
1964 1315 e20
1965 bf 1375 920
1966 1227 ¢f 900
1967 1213 ¢/ 850
1568 1194 ¢/ 850
1969 1184 <f 850

a/ These values were obtained from a report of the International
Boundary and Water Commission and were determined by applying con-
version factors to electro-conductivity measurements made by the
United States Geological Survey. These values differ from other
values used in this report that were obtained by evaporating a

sample and drying the residue at 18000, or by the sum of constituents
me thod.

b/ liinute Ho. 218 operation commenced in November 1965.
¢/ Salinity at Hortherly Boundary excluding waters bypassed at times

of minimum winter deliveries to lexico and waters bypassed voluntarily
by Mexico.
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CHAPTER 1V
PROJECTICHME OF FUTURE SALINITY

Selinity of water in the Lower Colorado River Basin is
expected to increase in years to come unless salinity control
measures are executed, Expected growth of municipal, domestic,
industrial, irrigation, and recreational uses will add mineral
constituents and deplete the flow of the river. Water exports
from Upper Basin headwaters will further deplete the flow.
Salinity will increase through direct addition of mineral con-
stituents and through concentrxation of mineral constituents as
a result of depletions in the river's flow.

Even if timing and amount of all salt adding and concentrat-
ing developments were known, the viver's future salinity could
not bhe predicted with accuracy because of its widely fluctuating
annual runoSf and the inexact correlation between volume of run-

ities were

o

off and salt load., The projections o

|

future salin

i

predicated upon long-term water supply and on runo off~galit load

vrelationships, While the inherent limitations in the accuracy of

1

the resulting proiections zre recognized, they are believed to

represent a reasonable approximation of the rviver's future
salinity.

Future Upper Basin Development

All phases of the Upper Basin's economy are expected to
expand in the future, requiring increases in water uses. Several

major water projects are now under construction and several others

r

have been authorized and are awaiting funds for commencement of




design and construction. This category includes those authorized

by the Colorado River Basin Project Act of 1968. 1In addition,
many other inbasin projects that would develop water for irri-

gated agriculture and municipal and industrial uses are being
studied., Transmountain diversions to the eastern slopes of the
Rocks Mountains in Ceclovado and Uyoming, to the ﬁonneville Basin

y Uteh, and to the Rio Grande River drainage in New Mexico have
been authorized or are being planned.

uture walter uses

l-n

Projections of the magnitudes and types of

in the Upper Basin havea been made by the Bureau of Reclamation,

lorado River Commission, and Colorado River Board

¥
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B in the &ppendix shows the most recent estimates
of present denletions and future depletions by projects as de-
veloped by each organization., The historical and projecied
depletions, including transbasin diversions ané reservoir evapo-
ration, are plotted on Figure 0, "Miigtorical and Projected Upper
Basin Deoletions.” The Board's staff estimate for 1280 was based
on modifying the Bureau of Reclamation egtimate to reflect the

”~

stowdown im funding of reclamation proiects in recent years.
The estimetes for future iandustrial projects are based io
a large degree on anticipated developments in the potential oil
shale industry and other extraction industries, anc for large
thermal electric power planis. Some of the propoged transmoun-

tain diversions would also supply water for industrial projects.

Future annual depletions for industrial projects vary from the

projection of 444,000 acre-feet in 2030 by the Bureau of
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seclamation te 711,000 acre-feet in 2020 by the Upper Colo:zado

The magnitude of future indust al water use nas been ana-
lyzed as pari of the Federa z1-State Type I, Comprehensive Fr ~amework
srudies., Preliminary projections from thnose studies show annual

(a3

warer use for larpe thermal electric power plants & 200,000 acre~
feet by 1920, and $30,000 zcre-feet fxom 2009 through 2020, Pre-
liminary estimates for these studies do not proiect any apprecia-

7.

ble watsr use bv the possible oll shal industry through 20Z0
9 ¥

D

because of the Type T Stuly constreints. Based on this informe=
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future depletions For industrisl
uses could exceed estimetes by the Bureau of Reclamation if a sui-
ficient water supply could be mzde availezhle for these purposes.

Projected 3alinity Increages Due to
Upper basin Developments

Computetions of future salinity at Lee Ferry were made for
each of the foregoing projections of Upper Basin deplecions,
using as the hydrologic base an average annual virgin flow of

14 millio

L

n acre-feet and the following assumptions:

[N

1. Existing uses would continue to add the same cquantity of

galts to the river system ag £t present.

;‘:_ -

e..lv,

~fcated land would contwibute two tons of szlts
t}.

3. rojections do not include construction of salinity control

2. Hewly

Ll

ner acre annuslly (see Lppendi

nrojects such as are discussed in Chapter VI.
4, Depletions for irrigated arziculture would equal 1.5 acre-

feet per acre annually at Lee Ferry (see Appendix).
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5. et future effects of Colorado Diver Storage Project reser-
voirs would be limited to evaporation only, and it is as-
sumed that salts precipitated will balance salts brought
into solution.

6. Depletions would be as projected by the Colorado River Board
for 1980 and the Bureau of Reclamation for 2009 and 2030.
The results of the analysis are shown in Table 6. By 1980

the salinity at Lee Ferry would be 7 percent greater than the

1963-67 average, and by year 2000 it would be 31 percent greater.

Table &

PROJECTED SALINITY AT LEE FERPYa/

(in Parts per Million)

1963"'67""""""'""'--'—-—um-——-—__.u...___.." 610

1980  —eswememce-~-- e -== 550
2000 R e e L LRt --~ 300
2030  memww-- e e —mwmmw §520
2/ Assuming no salin ity control projects.

Projected Salinity Increases Due to Lowexr

Basin Develcpments

Plans for major future water-using developments in the Lowex
Colorado River Basin are well identified. These plans include the
addition of newly irrigated acreages along the river, primavily
on the Indian reservations, increased uses along the Virgin River
through the Dixie Project, and the diversion of large quantities

of warer awsy from the river for ir rigation and municipal purposes

by the Central Arizone and Southern Nevada Projects, It was
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assumeC that the salts contributed by municipal and industrial
uses would be as estimated in the Type I, Comprehensive Framework
Planning Studies for the Lower Colorado DRegion, nll of the above
projects, except the Central Arizona Proiect, will increase the
river's salinity, The Central Arizona Project should not, since
(1) it is unlikely that the water to be diverted would be released
for dilution if not used by the project, and (2) any returns to
the Colorado River would not occuy for decades and, in any event,
would enter the river through the Gila River, which joins below
Imperiel Dam,

The saly pichup from irrigetion in the Palo Verde and Parker

Valleys was assumed to be 1,0 ton per acre per year. Both present

=

and future irrigation In the Virgin River area and lloapa Valley

was assumed to contribute an annual salt pickup of 2.0 tons per
acre, Completion of the Lower Colorado Niver Management Program,
mentioned in Chapter III, prior to 1980 was also assumed, with
irs resultfant reductions in water losses.

Starting with the projected salinity at Lee Terry, Lower

ains and losses in flow and salt were algebraically addec,

[RPRE
1

proceeding downstream. The increase in salinity at the major

diversion points due to projected increases in Lower Basin usage

is shown on Table 7.




Table 7

SALINITY IUCRODASES ATTRIBUTABLE TO
TOULE., BhoilN DEVELOPHENTS

(in Partis per 11311%iom}

Location Increase in Salinity
1280 20900 2035
Parler Dam 45 59 29
Palo Verde Dam 50 130 120
Imperiel Dam 70 130 1235

a/ Over 1962-67 salinity conditions,

Table O shows the projected salinity at major Lowev Basin
diversion points and ar the Northerly Internat ional Boundary,
reflecting usage in the entive Colow -ado River Basin and assuming
#hat no salinity control proiects ere built,

The results from Table & indlicate that the jimpact of mineral

quelicy degradation on uses in the Lower Colorado River Basin will

~

be severe., By 1930, the salinity at Parlcer and Imperial Dams is

oroiected to increase by about 156 percent and 26 percent, respec-

e
foie

ely, over the 1803-07 average; by the vezy 2000, the increase
will be about 59 percent and 50 percent, respectively. Historiczal
and projected salinities at Parker and Imperial Dams are also
shown on Figure 7, "Historical and Projected Salinity at Parker

FR ]

and Imperial Dams Without Salinity GControl Projects.’' Estimates

at the Moriherly International Roundary were not carvied past 1230.




FIGURE 7

HISTORICAL AND PROJECTED SALINITY AT
PARKER AND IMPERIAL DAMS WITHOUT
SALINITY CONTROL PROJECTS
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Table 8

PROJECTED SALINITY ALONG THE LOWER COLORADO RIVER
WITHOUT SALINITY CONTROL PROJECTS

(In Parts per Million)

Bistorical

Average
Location 1963-67 1980 2000 2030
Below Hoover Dam 730 830 1050 1050
Parlker Dam 7640 860 1110 1150
Palo Verde Dam af 910 1190 1230
Imperial Dam 850 1070 1340 1390
Northerly Int. B'ndry 1300 1350 b/ b/

a/ Records not available
b/ Not estimated
Table 8 shows salinity at Imperial Dam incveasing from 850
ppm under 1963-07 conditions to 1340 ppm in year 2000, or 490 ppm.
Table 7 shows that 130 pom, or 26 percent of this increase, is
attributable to Lower Basin developments, thus leaving the vemain-
ing 360 pom, 74 pevcent of the increase, as th vesults of pro-

ected Upper Basin developments. Table & shows that salinity at

ele

Lee Ferry, whicl is the measure of the river's salinity as it

leaves the Upper Basin, climbs from $10 ppm in 1253-67 to 300 ppm

I

in year 2900, on inecrease of 190 ppm. Because of the changing

-

scli=-—vater releotlonshin Lo the river, the 10 ppm ‘ncreage at

Lee Ferry results in the 350 ppm increase at Imperial Dam.




Table & also projects a 220 ppm increase at Imperial Dam
between 1963-67 and 1980, and a 50 ppm increase at the Northerly
international Boundary for the same period. This difference is
due in part to the fact that 1963-67 was a high salinity period
for the Northerly International Boundary, and to the following
assumptions: (1) salinity of return flows below Imperial Dam will
be lower than present values, and (2) operations will be such
that return flows will be in salt balance by 1980.

As was discussed in Chapter III, the analyses reported here-
in have been based on a long-term virgin flow of 14 million acre-
feet per year at Lee Ferry. Other long-term estimates are gener-
ally encompassed by a low of 13 million and a high of 15 million
acre-feet per year. Accordingly, an analysis using these values
was made of salinities that would occur at the selected Lower
Basin stations in the future, Table ¢ shows regults of the analy-
sis,

The effect of the smaller flow of 13 million acre~feet per
year would be to increase the projected salinity in 1980 at
parker and Imperial Dams by about nine percent over salinities
projected for that year using the 14 million acre-foot base flow.
The larger flow of 15 million acre-feet per year would result in
projected 1980 salinities at Parker and Tmperial Dams being about
eight percent less than they would be with a 14 million acre-foot

per year flow.

Land Use and Ownership as Related to Salinity

The largest contributions to salinity are from natural runoff

.




Table 9

COMPARISON OF PROJECTED SALINITIES RESULTIHNG
FROM VARYING PROJECTED FLOWS OF THE COLORADC RIVER

{In Parts per Million)

Location 1980 2000
Pro. Percent Pro- Percent
jected Change jected Change
Salinity  from 14 Salinity from 14
malfvr maf/vr
Colorado River at
Parker Dam
13 maf/yr 940 +9.3 af -
14 maf/yr 560 - 13130 -
15 maf/yr 790 ~Oal 1000 -9.9
Colorado River at
Imperial Dam
13 maf/vr 1170 9.3 alf -
14 maf/yr 1070 - 1340 -
15 maf/yr 990 -7.5 1210 9.7

2/ HNot computed as the water supply would be insufficient to meetl
commitments.




and point sources., The following rabulation shows that over

rwo~chirds of the lands in the Colorado River Basin are cwned
by the Federel Government. Federally owned lands contribute

substantially to the salinity problem.

12nd Cwnership in Colorado River Basin

State, Local Federal
Private Government Government
Upper Basin 29 4 67
Loweyr Basin 19 2 72
Aggregate 232 7 70

Trrigated agriculture adds the second largest salt load

to the river. & number of the irripated areas adding substantial

salt loads are federal rveclamation projects.

whily—




CHAPTER V
DELETERIOUS EFFECTS CF SALIMITY ON CALIFORNIA USERS

Excepit Zor minor uses, California's water users obtain Colo-
rado River water through three major projects on the river. The

Metropolitan Water Listrict of Southern Cal nia pumps Ifyom

Lelte Havasu, formed by Parker Iam; Palo Verde Irw igation District

=

iverts into

[
Fets

ts canal at the Palo Verde Diversion Pam, about ten
miles northerly of the City of Blythe; and Imperial Irrigation
District, Coacheila Valley County Water District, Bard Irvrigation
District, and Yuma Indian Reservation all receive river water
through the All-Amevican Canal, heading at Imperial Dam.

While this report has defined the river's salinity problems
in terms of totel dissolved solids, in certain cases total salin-
ity is not so important as the concentration of specific ions.
Lgricultural activity is most seriously aff ected by the concen-
tration of sodium and chloride ions. Many urban uses are ost
seriously affected by calcium and magnesium iomns responsible for
the haidness characteristics of water,

The Metropolitan Water District of Souihern California

o

Figure 8, "Salinity and Total Havcness at Pa arker Dam and

" ghows the variation in

Water Surface Elevation at Lake Mead,
salinity and hardness of the water at Metropolitan Vater Dis=
trict's Inteke Pumping Plant at Parker Dam for the years 1942
~hrough 1959, together with elevations of Lake Head. In general,

the figuve shows a rise in salinity at Parker Dam witih correspond-

ing deciines “n the elevation of Lake liead. This relationship

jie




SALINITY AND TOTAL HARDNESS AT PARKER DAM
AND WATER SURFACE ELEVATION AT LAKE MEAD
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of Lake iead stage o salinity of outilow is primarily the resu.is
of low inflows with relatively high salinity into Lake HMead.

During the entire 28-y

o

ar period, total dissolved solids have
varied From a low of 483 ppm to a high of 843 ppm., Total watex
hardness has varied between 295 ppm end 400 ppm, a range which
ig in the "excessive hardness’ category.= 2/

The District has softened & large part of its water supply
for many yeers. Chemlecal changes in the water upon softening
are shown in Table 19, which compares the average mineral con-
stituents for natural Colorado River water to shat softened for
1960-69. The constituents primarily responsible for the hardness,

1

n the soffening process

i

caleium, and magnesium, were reduced
from 04 and 31 ppm, respectively, to 34 end 14 ppm, respectively.
In the process the sodium ion increased from 108 to 201 ppm. Be~-
cause of adverse effects of high sodium ifon concentraticons o

"

plant growth, unsoftened water 2g preferable for irvige ation use.

Pyroblems associated with the use of Colorado River water for

[
o
n
[
i
[
jul
[

municipal and in urposes ave hign soap consumption, for-

mation of objectionable scale in heating vessels, and damage

2/ The Federal Uzter fuality Admini stration's ”Peporb of the
Committee on Uater Cuality C WLe‘1a,‘ Lpril 1, 1868, stated
“p gingular crirevioan for the meximum herdness In 0ub1€c
water Sunmlv is not possi ‘ble. . PLULlC acceptance of hard-
ness varies from communiiy to community. A criterion for
ObjGCL‘On@UTe ha-dness must be tailored to £it the require-
menis of each comnxﬁlty Herdness more than 300-500 mg/1
as Ca”Oj is excessive for public SLQDLY 4 moce;;»ely “hard
wnter is sometimes defined as having hardéness tetween GJ
to 120 wg/1.”




Table 10

ANALYSIS OF KEY CONSTITUENTS IN COLORADO RIVER WATER
DIVERTED AT LAKE HAVASU

{Average for Year Ending June 30, 1969)

Constituents Symbol Colorado River Water
Natural at Softened at
Lake Havasu La Verne
Calcium Ca B4 ppm 34 ppm
ilagnesium Mgz 31 14 v
Sodium da 066 v 201 ¢
Bicarbonate HCO3 145 143 v
Sulfate SOA 307 307 ¢
Chloride cl 95 " 162 v
Minor Constituents v i v
Total Dissolved Solids 2/ 717 ppm 746 ppm
Total Hardness as Ca003 337 ppm 142 ppm

a/ The total dissolved solids, in accordance with standard practice,
are based on the conversion of bicarbonate to an equivalent amount
of carbonate (0.4917 times amount of bicarbonate).

4.7 -




through corrosive artack on distribution pipelines and usevr
plumbing systems and appliances. BStudies indicate that increases
in salinity would result in subst antial costs to commercial, resi-
dential,and industrial users within the Metropolitan Water Dis-
trict from deterioration of plumbing and distribution systems and
added costs of water treatment and conditioning. In addition,
with increasing salinities, the District itself would incux direct

T
A

1-]9

costs for treatment of its waier supply with chemicals. s
difficult to arrive at dollaxr values fox the above detriments.
Other investigators have estimated that the overall effects of all
such costs within the District would be berween $5 and $0 per acre
foot for each 100 ppm szlinity increase. This is equal to about
$5,500,000 per year, based upon p¥ ~esent usage, for each 100 ppm
salinity increase.

In addition to the economic impact on the District is the
problem of an adverse effect on the taste of water that would
result from an inereasé in salinity of the Colorado River, as
millions of people would be affected within the District. The
United Jtates Public Health Service recommends salinity standards
for drinking water which indicate as an objeciive that salinity
should not exceed 500 ppm in cases where water of better quality
is available. WUith projected increases Lo over 1,000 ppm, exclu-
sive of any salinity coatrol projects, the Public Health Ser-
vice's recommended standards would be creatly exceeded.

Palo Verde and Bard Irvigat: {on Districts and
Yuma Itndian Leservation

Water diverted for the Palo Verde Irrigation District has a

slightly higher salinity shen the wziter at Lake Havasu., The

ol -




principal salinity problem in this area in the past has been
caused by salts in the water in conjunction with a high water
table, Open ditch drains have been constructed and have been
recently enlarged to lower the water table to a safe depth; when
the impaired flow conditions at the drain outlets are fully cor-
rected, these measures should overcome most salinity problems in
the valley.

Because of sediment deposition in the river's channel, the
outlet elevation of the main drain from the Palo Verde Valley,
through the Palo Verde Lagoon, is seven feet higher than it was
$n 1925. This not only has impeded the operation of the valley's
drains, but in turn resulted in higher ground-water levels and
reduced crop growth in portions of the valley. However, drainage
operations since the completion of 2 new river channel downstream
from Palo Verde Drain by the Bureau of Reclamation in March 1970
and the District's efforts in extending and deepening drains are
already resulting in lower ground-water levels throughout the
Palo Verde Valley.

Most of the valley's soils drain well, thus enabling salts
to be leached out without the necessity of installing tile drains.
However, it will be important that the infiltzration capacity of
the soil profile be maintained and that the District's drainage
facilities be expanded a5 necessary to maintain the ground-water

levels at sufficient depth below the surface to allow free drain-

Fh

in the soil root zone. Also, future increases in the salinity

02

O

of the water supply will cause additional irrigation problems.

~£9=
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mven thourh the salinity of the water obtained from the ALl-
rmerican Canal for use within Bard Irrigation Distvict and Yuma
Tndizn Resewvation is higher than the water available to Palo
Verde Valley, their gituation is similar, The main drain serving
rhese arezs was improved during 1969, which should result in a
ceneral lowering of the water table over much of the area. At
the projected selinity levels, continued attention to soil drain-

age and accompanying drainage channels will be required in order

v

113

for these areas to maintain their productivity.

imperial Irrigation Districi end
Coachella vValley County Water District

Water users in Imperial and Coachella Valleys have experi-
enced an increase in the salinity of water diverted for use in
recent years. For example, during the period 1643-47, after com=

= [ »

pletion of the All-American Canel, the river s galinity at TIwmpe~

rial Nam averaged about 700 ppm, bui for the neriod 1965-69,

selinity averaged 875 ppm.
Not only have total dissolved solids been increasing, but
also the more hermful constituents have been showing marled in-

creases. Figure 9, "Averase [nnual Concentration of Significant
Tonie Constituents and Sodium Adsorption Ratio, Colorado River

ipw

Fa

Uater at Imperial Dam,” shows the average concentration ©

=

P

cipal ionic constituents for calendar years 1941 through 1965,

[

This figure shows a general rise in the more harmful sodium and

cliloride ions. The impact of sodium ions in relation to calcium

pi
e

um Ad
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and magnesium ions is demonstrated by the sorpt
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Ratio,gj which is also plotted in Tigure ©. This yatio is also
increasing.

in additional problem presently czusing much Jif feulty in
Imperial and Coachella Valleys 1s related to seasonal variations
in salinity that occur each year. The salinity of the water ar-
riving at Imperial Dam is lowest during summer months and reaches
its highest values in Novembeyr and December of each year. Salin-
ity levels that have been experienced in recent years have adverse-
1y affected germination of seeds and early growth and development
of plants, with the salinity pesks that occur during winter months
being particularly adverse.

Costs to Agricultural Users

Because of the predominance of clay andé heavy loam goils in
Tmperial and Coachella Valleys, most farmers have installed tile
pipe drainage systems and use irrvigation water in excess oi plant
needs to leach out the salt to maintain a favorable salt balance
in the root zone. These drainage systems cost from $150 per acre
to $400 or more per acre, depending upon the required depth and
spacing of the pipes. The amount of irrigation water needed for

leaching increases in proportion to the salinity concentration of

iul-

nlied irrieation wa

£ ' U

rer. Any increase im salinity of irw rigation

'U

water, therefore, results in an eccnomic loss s- ‘nce more water is

3/ Sodium Adsorption Ratio. A ratio for soil extracts and
irrigation waters used to express relative activity of
sodium ions in exchange reactions with soil,

SAR = Na” /A (caTT + 1T /2

where the ionic conceﬂpratlonu ere expressed in milli-
equivalents per 1




required for the equi ivalent crop outpui, Lo overcome the eifects

.

of saline irrigation water by leaching requires that the soil be

able ¢o accept an increese in the amount of applied water.

f".‘

Water percolating through the roo:t zone removes applied fer-
filizers as well as salts, so, as addirional water is applied for

T

Q

leaching, additional amounts of fertilizer must be applie

-h

ed
counteract this effect, Lnorher cost cssociated with application

-

of extra quantities of water for leaching out salts is the addi-

equent applicaiions of

&

by

tional work recuired in making more I
irrigation water which must be done to get the larger quantities

f weter through the soil, Also, greater care must be exercised

o]

in leveling land to receive these waters

s

The effect of some of thiese cosSts O the individual farmexr

i

has been estimated by various rvesearchers in the pest with varying

results. One recent detailed study performed by the Fed eral Vetex

ity fAdministration ectimated the economic effect of

salinity on agriculiture by the fyield decrement’ method, which

to be the lezst-cost alternative method for han-

diing high salinity water. This method zssumes no increased use

of water for leaching, nor any acreage reduction to make water
available for leaching purposes. The direct penalty cosi is the

reduction in value of yieléd due to the increase in salinity over
the base level set at 760 ppm at Imperizl Dam. Indirect penalty
costs were evaluated for the eifects of direct reduction of in-

come in the agricultural sectors on orher sectors oi the economv.

4

The sum of direect and fndirect efilects rnives the total incremental




impect upon the ecornomy. The study shows that penalty costs to
California's agricultural users of Colorado River water and to
other related sectors of the economy, based upon agsumed hiighex

salinity levels, would be as shown in the following tabulation.

) Penalty to Economy Unit Cost
Salinity of Colorado {1270 Total Dollars (Dollars per 100
River at Imperial Dam per Year) ppm Gver Base)
Base 769 g J

1050 ¢,200,0800 3,005,900

1220 23,500,000 4,500,000

This method and wesulting calculations do not represent the
procedures being followed by California's agricultural users of
Colorado Diver water. The users nave made, and are continuing
to mzke, large investments in drainage facilitles to maintain
their productivity and income levels under conditions of in-

creesing salinity. Although considereble research has been done,

s evident that more work is recuired on the assessment of

[

it

economic conseauences of increasing salinity.
Tn eddition ro costs incurred by irrigators in Cali-

fornia, the agricultural users of Colorado piver water in Arizona

ad Mexico would also inecur penaliy costs.

]

Summery = Costs to California Users

The economic impact on Celifornia's users of Colorado River

=

water, resulting from increases in salinity, wmay be approximated

by adding estimated ennual municipal and industxial user penalty

-

costs of $5 to $5 million <ollars

‘o agricultural user penalty




costs of at least $3,020,000 to $4,500,000 per 100 oom increase
in salinity at Imperial Dam. The total penalty costs would be in

the order of $8 to $10 million dollars for each 100 ppm increase

[N

n saliniity over present levels.

With the projected salinity levels in the year 2000 at Parker
and Imperial Dams of 1110 and 1340 ppm, respectively, without
salinity control projects, the economic impact on Celifornia of

the increzsed salinity would be in excess of $40 million dollars

et S

per year.




CHAPTER VI
PROGRAMS TC CONTRCL SALINITY

Other than by cessation of further development in the Colo-
rado River Basin, future salinity increases can be prevented in
three ways: (1) augmentation of the river with low salinity water
supply, (2) removal of salts from the river or its tributaries,
and (3) reduction of the loss of water by phreatopliyte control
and water salvege projects {discussed in Chapter I1T).

Ausmentation

The principal methods for augmenting the river are importa~
tion of water from other basins having surplus water, wmodification
of the weather to increase precipitation, and desalting of ocean-
jc, brackish, or geothermal source water and its transfer to the
river.

Transbasin Importation

In the early 1950's the Secretary of the Interior proposed
to Congress the Pacific Southwest Water Plan, which contemplated
importation of water from California's north coast into the Colo-
rado River Basin., The Pacific Southwest Water Plan stimulated a
number of other suggestions for importation of water into the
Colorado River Basin from adjoining basins by individuals and
organizations. Most of the suggestions involved diversions from
the Columbia River Basin, Upper Missouri River Basin, and from
Canada.

To date, there are no reliable studies on transbasin Importa-

rions. Detailed studies are necessary in order to determine the
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increasing runoff in the Colorade River Basin by weather modifica-
tion. Preliminary estimates by the Bureau of Reclamation indicate
that an additional 1.87 million acre-feet per year of stream flow
might be obtained at a cost of $1 to $4 per acre-foot. However,
any reliable estimates of the quantity and cost of water to be
expected from a wezther modification program must await completion
of the Pilot Project scheduled for 1975,

Any additional runoff produced from a weather modification
program would pick up salts in its travel to Lee Ferry. It is
difficult to predict what the salinity effect of a weather modi-
fication program might be. However, very rough estimates indicate
that if an additional two million acre-feet per year supply would
be produced, its efiect at Lee Ferry would be that of adding this
quanticy of water with about 1,020,000 tons of dissolved salts.
These additional water and salts would reduce the overall salin-
itzy at Lee Ferry by about 70 ppm. For this additional water to
benefit California by reducing salinity, a significant portion of
it would have to be released at Lee Ferry. If this water were
used exclusively to expand Upper Basin uses and the additional
dissolved salts were passed on to the Lower Basin, the net result
would be even higher salinity values than those projected in
Chapter 1V.

Deszalting of QOcean Water

The Federal Government has been sponsoring intensive re-
search in the water desalting field for several years. To date,

the multistage Flash distillation process has been found to be
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the most economical method of desalting ocean water, ilost vecent
plans for large-scale desalting plants have been predicated upcen
use of this process, which produces distilled water and leaves a
seated, concentrated solution of salts, or brine, that must be
disposed of.

In January 1963 the Bureau of Reclametion releacsed a report
on the feasibility of desalting ocean water near Camp Pendleton,
California, and delivering the desalted water to Lake Mead for
use in the Lower Colorado River Basin and for satisfaction of the
Mexican Water Treaty obligation. Lake Mead was selected as the
terminal point, since a substantial volume of storage would be
necessary to meet seasonal peaks of demand, and since the other
reservoirs on the lower river reportedly have inadequate unused
capacity to supply such demands. While per-acre~foot costs were
not included in the report, a unit cost of $84 per acre-foot could
be derived from the data for desalting and transportation to Lake
Mead. The costs in the report are based on 1956 price levels ana
on an estimated level of technological cdevelopment expected to be
achieved by 1223,

Tnformacion in the Bureau report has been updated by investi-
gators conducting the Type I, Comprehensive Planning Studies in
the Lower Coloradc Region. This latter investigation, as yet un-
published, indicates that the cost of desalting ocean water and
delivering it to Leke Mead would be between $125 and $150 per
acre-foot. This would be for a staged operation of desalting

plants, using f1 ash-diarillation process plants, in cooxrdination

-58~




with breeder-type nuclear reactors, in the size range of 700,000
to one million acre-feet per vear, conveved in an aqueduct with
a capacity of more than four million acre-feet per year. Capital

costs of the plants and aqueduct were estimated to exceed $5 bil-

g--l
pii

ion with no allowance for escalation of construction costs, and
were based on estimates of future levels of technological develop-
ment.
A study was made and reported on in 1968 of a nuclear power

n Mexico

Fh
fodn

lifornia

o]
f

ané desalting plant located on the Guif of

by a joint study teszm comprised of members from the International

71

romic

o

»!

nergy Agency, the United States, and Mexico. The plant
would produce about one million acre-feet per year for use in
both Mexico and the United States, and would require a capital
investment of about $1 billion for both plant and conveyance
facilities. Additional studies would be required in order to
determine the feagibiliiy of the proposal.

The effect on the viver's salinity of a project that would
deliver to Lake Mead the same quantity as that considered for
transbasin importation, or 3.5 million acre-feet pey year, was
investigated for this report, Distilled water would pick up
digsoived solids in transit, and it was estimated that the water
would contain 50 ppm upon discharge into Leke iead. This de-
calred water would reduce the river's projected salinity in year

2000 of 1110 ppm at Parker Dam to 750 ppm, and the projected

salinity of 1340 ppm at Imperial Dam to 930 ppm.




o

Utrilizarion of Geothermal Energyv Resources

Recent research by the Instituie of Geophysics and Inter-
planetary Physics at the University of California at Riverside
has indicated tha: there exists a substantial potentiel in the
urilization of the geothermal resources of Imperial Valley as a
source of both water and electrical energy. The Institute's pre-
liminary studies suggest that at least one billion acre-feet of
zeothermal water could be distilled u sing heat already contained
in the water with no additional heat input required. These

studies indicate that power produced from steam has a potential

i

n the order of 100,000 megawatts.

The Institute reports that reliable cost estimates capn not
be forecast until more detailed studies have been made. Advan-
tages stated for this development over a conventionzl desaliing
plant are: (1) power produced by the geot rermal resources could
absorb many of the basic production costs; (2) there would be no
cost for heat input (heat input amounts to about 1/4 to 1/3 of

)

average cost of desalting); (3) distillation equip ment would be
less complex than that required for conventional facilities bew~
cause, with heat input representing little or no costs, there
would be no economic need for many of the stages of the conven-
tional distillation process; and (&) location of the resource is
closer to the major Colorado River reservoirs than any other
large source of water supply.
A major problem associcted with this resource would be the

disposal of bvine, which should not be released to the Salton Sea.
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4 considerablie amount of work is necessary over a period of
several vears to deiermine if the geothermal field ecan fulfill
this promise of providing a major watex supply, and to obtain
enswers to the problems of its use. In addition to the University
of California, the Bureau of Reclamation and the Office of Saline
Water are investigating this resource in order to determine its
potential. The California Department of Water Resources is also
interested in the possibilities and has published a vreport re-
lating thereto {see Bibliography in Appendix).

Desalting of River Water

Tn addition to the methods discussed in preceding sections,
a portion of the river's flow can be desalted and delivered back
to the river, thereby directly eliminating & portion of the
river's salts. However, unless applied in processing the flow
of rributaries containing high concentrations of salts, this
method would probably not be practical. Under this method, using
flows with concentrated salt loads, it would be possible to pro-
cess a relatively small volume of water and remove 2 large amount
of salt. /Ipplication could be made to some individuzl point
sources of natural salinity es well as to highly concentrated
sources of salinity from urban or agricultural discharges to the
river's system. Another possibility is desslting water from
agricultural return flows within the Colorado River Basin fox
direci use in the basin service area

In addition to the multistage £lash distillation process

o

previously discussed, the reverse osmosis and electrodialysisg

51~




processes may be feasible vhen considering desalination of the
more highly mineralized poriions of the river's flow, These pro-
cesses make use of semipermeable membranes that permit selective
transfer of water and salts in solution from one side of the mem-
brane to the other. TIn the electrodialysis process, the driving
force is an electrical charge placed upon the transfer media,
whereas in reverse osmosis it is hydraulic pressure. At the pnres-
ent time, costs are in the same order of megnitude for both of
these processes, For fairly dilute salt solutions {(less than
5,000 ppm), both are less expensive than the multistage flash
distillation process. Cost estimates reported by the Cffice of
Saline Water for water produced by plants of a 50,020 acre-foot
per year cavacity and handling water with 2,500 ppm dissolved
solids without preheating ere about 480 per acre-foot.

The Cffice of Saline Water has been conducting tests on
the feagibilitv of desalting brackish jrrigation return flow
waters in the Uppex Basino, using reverse osmogis pilot plants.
The Cffice reports that st a Srand Junction, Colorado, test loca-

ion the pilot plants reduced the salinity of return £fiows from

fod

1,800 ppm to 200 ppm. It was further reported that both electro-
dialysis and reverse osmosis processes would be equally competi-

°

tive in treating

frte

=

rrigation return flows.
The membrane processes do not produce completely demineral-
ized warer, but remove only portions of the salts in solution

during each pass through the process. In addition, some salts

flas

are particularly difficult to remove by the membrane process and




tend to remain in solution. These processes also result in a
concentrated brine solution that must be disposed of. Therefore,
it would be necessary to carefully select site locations for
these processes so that the concentrated brine could be disposed
of in such a manner that the salts therein would not reenter the
Colorado River System.

Salinity Control Projscts

There are a number of sources of salinity throughout the
Yasin that could be controlled by individual projects. The
Federal Water Quality Administration has identified a number of
specific projects and has conducted limited reconnaissance level
jnvestigations. The Bureau of Reclamation has completed recon-
naissance level studies of one project. The Type I, Comprehensive
Framework Studies for the Upper Colorado Region have also identi-
fied these projects in its reports (as yet unpublished)., Salinity
sources include twelve irrigated areas and five natural sources.
Five flowing wells that together contributed 100,000 tons of salt
annually to the river have already been plugged., The cumulative
effect of these projects would accomplish a substantial reduction
in the river's salt load. It should be emphasized that these
identified projects are not considered to be the only feasible
projects, and that other, now unidentified, projects may also
prove to be feasible.

The identified projects are briefly described in the follow-
ing section and are based upon information in the open files of
the Federal Water Quality Administration and in the Type 1

Studies.
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Salt sources subject to control are located on Figure 10, “Pro-

iy

posed Salinity Control Projects.” Average annual costs, including

(8N
[N
.1

1
3
H

capital, oweratlon and malintenance costs, are gummarine
Table 1l.

Irrigated Areas

The twelve irrigated areas vary in size from 100,000 acres
in Uncompahgre Valley, Colorado, to several small irrigated areas
in Utah and Wyoming. Measures to be used for salinity control
wouléd include lining canals, constructing drains, and improving
irrigation efficiencies through modification of irrigation
practices., These measures would reduce return flows and thereby
decrease the quantity of water coming into contact with highly
saline ground water and underlying material. Based on studies
conducted by the Federal Water Quality Administration, it was
estimated that the combination of these control measures would
reduce the salt contributed from approximately 600,000 irrigated
acres by 1,680,000 tons anpually. Average annual costs have been
estimated to be $23,800,000. The unit cost for individual areas
varies from a iow of $5/ton/year in Grand Valley, Colorado, to
a high of $12/ton/year in one small area.

In all irrigated areas salinity control works would benefit
local irrigators as well as reduce the overall dissolved solids
1oad. These benefits would be in yield increases resulting £rom
lowering of the water table, lower canal operation and mainten-

ance costs, and veduced fertilizer costs.
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Table 11

ESTIMATED COSTS OF SALINITY CONTROL PROJECTS

Annual
Salt Project Unit
Removed Costs &/ Cost b/
(Thousands (Thousands  (Dollars/
- Project of Tong/Y¥r) of Dollars) Ton/Yr)
Irrigation Improvements </
Grand Valley 310 3,100 5.00
Lower Gunnison River 330 3,600 5.40
Price River 50 1,000 5.70
Uncompahgre River 320 &, 000 6.30
Big Sandy Creek 40 490 6.30
Roaring Fork River 50 880 8.50
Upper Colorado River 80 1,400 8,90
Henrys Fork River &0 710 8.90
Dirty Devil River 40 710 8.90
Duchesne River 270 5,700 10.40
San Rafael River 70 1,400 10.50
Ashley Creek 40 800 11.60
Subtotal 1,660 23, 790
Stream Diversion
Paradox Valley 180 700 3.90
Impoundment and Evaporation
La Verkin Springs 80 600 7.50
Desalination
Glenwood and
Dotsero Springs 370 5,000 13.50
Blue Springs 500 16,000 32.00
Totals 2,810 46,100
Weighted Average Unit Cost 12.30

gj Annual project costs include amortized construction, operation
and maintenance costs.

b/ The unit costs only include costs allocated to salinity control.

¢/ 4nnual project costs for irrigation improvements include all
costs, including those allocated to the irrigation function.
Costs allocated to Salinity control projects were estimated to
be one-half of total amnnual project costs.
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Paradox Valley

The Dolores River and tributaries flow across and through
Paradox Valley, which is underlain with highly soluble saline
material. A proposed project includes a dam and regulatory res-
ervoir on one of the tributaries above the valley and an imper-
vious channel for the tributary through the valley. These works
would minimize interchange between stream flow and ground water,
thereby reducing the salt load of the river by 180,000 tong an-
nually. The average annual cost of this project was estimated
to be $700,000, which gives a unit cost of nearly $4/ton/year.
The Bureau of Reclamation has developed a reconnaissance level
plan for the project,

New irrigation in Paradox Valley is included as a minor part
of the San Miguel Irrigation Project, authorized by the 1965
Colorado River Basin Project Act. However, irrigation drainage
water in the valley might offset some of the salinity control
project's effectiveness.

Glenwood and Dotsero Springs

These springs, located in the vicinity of Glenwood Springs,
Colorado, are diffuse and would be difficult to isolate; accord-
ingly, it was estimated that only 70 percent of the flow, con-
taining 370,000 tons of salt annually, could be conirolled by
this project. Captured flows from Dotsero Springs would be con-
veyed to the vicinity of Glenwood Springs. Here the combined

flows of the two spring areas would be processed through a 16

million gallons pexr day desalting plant. Treated water would be




celeased back to the river and the brine, which would amount to
5,000 acre-feet ner year, would be disposed of by subsuriface
injection into deep wells a few miles away. The average annual

cost was estimezed to be $5,000,000, and the unit cost was esti-
» ] ]

ngcimoted coste are contingent upon utilization of the right-
of-way of z proposed hirhway Lox the necessary pipeline for con-
veyinz Dotsero Springs Iflows to Clenwood Springs. The route of

this new hichiway has not vet been officially determined; without

the right-of-way, constzuctiion costs would ris

0

Development of an oil shale industry in the area might pro-~

a

jde = market for desazlted water, thus increasing the feagibility

<

i

the project.

o

La Verlzin Springs

As with the preceding springs, La Verkin Springs on the
Virgin Diver are also diffuse springs. Tt was estimated that
about 70 percent of its £low, or 7,000 acre-feet per year, could

be captured. The captured flow, estimated vo contain 30,000 tons

3]

of salt annually, would be conveyed by gravity to an evaporation
pond. Annual project costs were estimated to be $400,000, and
rhe unit cost was estimated to be $3/ton/year.

Little Colorado River

A project to control Blue Springs, located near the mouth
of the Little Colorado River, was developed that woulc eliminate

its annual salt load of 500,000 tons from the river. This proj-

=

ect would consist of a low dam constrvucted downstream from Blue
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Springs to intewcept the spr

for pumping out of the canyon 1,000 feet above the Lit zle Colo-

¢

vado River, possibly in three separate 1ifts, This phase of

n 4

the project could be constructec as & numped-generating system

't
rn

complex, and it was asosumed that a portion of the costs would be

o]

allocated to power development. ©On the

=t

l-lu

dge overlooking the
river, an aiterbay would be constructed that would alsc act &s

a forebzy for z pumping plant rhatr would boost weter in a pipe-

1ine with a cepacity of 200 cubic feet per cecond southwesterly
over the ridge toweard Flagstefi, Heer Flagstaff, water would

pass through two generating staticns that would utilize a 2,000
foot drop. At the generating system afcerbay, & 200 willion gal-
lons per day desaliing plant would be constructed. About 140,000
acre-feet of desalted water would be produced thereby and could
be sold annually for municinal and industrial use, andé aboutl
15,000 acre-feet of byrine annually would be ponded to evaporate.

The

3]

verage annual cosis would be 515,000,000, and the unit cost
would be $32/ton/year.
The power portion of tihie cost 3¢ not included. fLlso, no

esrimate wos made of the cost of this control project withoutl

3ipnificance of Projects

Comnletion of all emmernied projects would result in ve-
moval of 2.2 million Zoms annually Zfrom the Coloredo River and

its tributaries upstream from Hoover Dam. /pproximately 22,000

acre-feet per year would be removed as brine and evaporated or




injected into deep geological formations. The salts vemoved

m

would amount to 25 percent of the total annual projected salt
load of 11.4 million tons at Hoover Dam in the year 20600,
Cost data on these projects from open file records of the
Federal Water Quality Administration were available on ap annual
.

cost basis; however, data from Type I, Comprehensive Framework

Jrudies and other sources enable close estimates to be made of

o
i

the capital costs the salinity control projects. Projects

n—i

iocated in the Upp

('i)
He

- Colorado Diver Basin would have a capital

those located in the

o

cost of approximately $230 wmillion, an
Lower Colorado River PBasin would have a capital cost of about
$150 million.

ibout 79 percent of the salt would be removed from sources
in the Upney Basin, while the balance would be removed fyom the

Lower Basin between Lee Ferry and Hoover Dam. With all projects

(oW ]

completed, the full reduction would amount to 360 »pm. Annual
costs of salinity control projects divided by the estimated maxi-
mum dependable annual virgin water supply of the river, 14 million
acre-feet, gives a unit cost of $3.30 per acre-foot.

Projected salinity at Hoover Dam and other major diversion
points is as shown in Table 12 for 1930, 2000, and 2030 for con-
ditions with and without salinity control projects. The projec~
tjons shown with the projects are based on the assumption that

aboui half of the projects would be completed by 1950 and the

balance by 2000.
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Financing of salinity control projects will be a major prob-

1lem., Cther needs of ziver bagins, guch as flood control and

viver nevigation, ave satisiied through well-defined programs
~het vely upon f£indings of favorable econocmics, enabling projects

ro0 be built which are inm the national interest, Possibly a phase

o
i

+he Ffederal water qualify enhancement programs majy offer 2

<

nity conirol, o¥

=

means of financing projects in the field of sal
new legislatZlon may have to be developed.

L fedevally sponscored salinity control program on the Colo-
+ado River could schedule construction of control projecis SO
that their removal of sali would balance the adverse effects on
salinity of water-using projects and the river's salinity could
be maintained at approximately current levels, Tne salinity con-
trol projects thus would not he the ragponsibility of any one
e construction of a conventional

entity that may be supnorting t

water-using proiect, but would be & national responsibilipy and

should be sponsored by all states of the Colorado Niver Basin.
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CHAPTER ViX

SUMMARY
CF FINDINGS, CONCLUSICNS, AMD DICCMMEIDATICHS

Find

[n‘a

nes

ty incresges from an ennual aver-

fde

Currently, the river's szlin
ace of less than 109 ppm at its headwaters to about G0C ppm

A

at Lee Ferry, the Upper-Lower Basin division point. 4t Tmpe-
rial Dam the salinity averages over 300 ppm with seasonal
values in excess of 1100 opm.

The river's present annual salt load at Lee Ferry is approxi-
mately 8.5 million tons. The combinatrion of salts contrib=-
uted by man to the river and depletions caused Ly man's activ-

-

tes account for 50 percent of tfhe salinity at Le e Ferry.

P

it
The Grand Canyon station has the longest continuous salinity
record on the river. Within the range of annual fluctuations

he salinity was fairly constant from 1926-31. Since then,

rt

there has been a general rise in salinity.
Piclkup of salts from irripated areas has been the major salin-
ity source reguliiag from man's activities in the Coloxado

Diver Basin, Srudies indicate an annuzl pickup rale vanging

fvom 0.1 to 8.5 tons per irrigated acre in the Upper Bastiri.

In the Lower Basin the rance Is 0.5 to 2.3 tons pevr irrigated

f
l—«
1~
3

rate tn recant vears Laan 023 S
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There are significant variarions in salinmity during the year,
wich the highest seasonel jevel of salimity at Imperial Dam

occurring during the critical winter months when sali

\'1

sensitive seeds for vegetable crops are germinating in the
desert valleys.

The major cause of salinity variations during the year at
Imperial Dam is the varying ratio between return flows
entering the river below I Porker Dam and the total viver fiow.
Salinity of water dalivered to Mexico near the international
Bouncdary peakad in the early 18560%s, but in receal years

has Gecreased zs a result of operating procecures undezrtaken
by the United States and Mexico. BSalinity, however, remeins

najor problem between the two couniviet.

r

]
'
=]

Szlinity of the water supply damages agricultural area
one or more of the following ways: reduced crop yields,
damage to salt-sensitive plants, drainage problems, increasec
costs, and increased demands on a scarce water supply.
Salinity of the water supply has an adverse effect on
domestic users in one ox more of the following ways: taste,
gardening problems, water softening costs, and corrosion
problems in pipelines znd water-using equipment.

3 the water supply damages industrial users in
one or more of the following ways: higher treatment and

conditioning costs for various uses, corrosion of pipelines

M

and facilities, and increased operation and meintenance

costs.
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Existing water development projects financed by the Federal
Covernment contribute significantly to salinity of the wviver,
and future increases will result, in part, from new projects
financed by the Federal Government. Also, 67 percent of

the lands in the Upper Basin are owned by the TFederal Govern-

ment,

Conclusions

T€ salinity controls are not adopted, additional use from
existing projects and new uses from projects under con-
struction, authorized or in the planning stage, will cause
Colorado River water to continue fo increase in salinity.
If water development projects are constructed as projected
in this report, average virgin flow at Lee Fervy is 14
million acre feet per year and no salinity control measures
are talen, salinity at Parker Dam will increase from an
average of 740 ppm for the 1963~-67 period to & projected
value of approximately 550 ppm in year 1980, At Imperial
Dam the values are 850 ppm and 1070 ppm. Pealk seagonal
values will be higher.

If the average annual water supply is one million acre-feet
per year more than projected, salinity will be about eight
nercent less than the above figures., 1f the watex supply
is one million acre-feet per year less than projected,
salinity will be about nine percent greater than the above
figures.

Without salinity control projects, the projected year 2009

-l -
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11.

salinity is 1110 ppm for Parker Dam and 1340 npm for

Imperial Dam.

Approximately 74 percent of the salinity increase at Impevial
Dam from the 1963-&7 average to year 2000 is due to projecteé
Upper Basin developments and 26 percent is due to projected
Lower Basin developments,

Without salinity control measures, all of the planned Colo-
radc River Basin projects, except for the Central Arizona
Project, will contribute to increased salinity at Parker

and Imperial Dems.

The problem is severe, and salinity control measures should
be started soon in order to prevent the above projections from
becoming a reality.

The Federal Government bears a strong responsibility to seet
cooperative solutions to salinity problems with the states
and concerned agencies because of construction and operation
of federally financed projects and ownership of lands.

The Secretary of the Interior has announced a policy through
his '"Guidelines for Establishing Water Quality Standards for
Interstate Veters” and his required anti-degradation state-
menits that further degradation of water gquality is not
acceptable.

Problems of quantity and quality are ianterrelzted and should
be approached through comprehensive planning efforts.

fugmentation of the river with a low salinity water supply

would ameliorate the salinity problem; however, at this
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13.

14,

15.

16,

time there is no project in the planning stage that would
accomplish this purpose.

Damages to California intevests have been estimated to be

in the order of $3 - $10 million per year for each 100 ppm
increase in salinity at Tmperial Dam., This gives an annual
rate in excess of $40 million by the year 2000 in the ab-
sence of salinity control projects. Damages to the other
states and Mexico would zlso be significant.

A number of salinity control projects have been investigated

by federal agencies on a reconnaissance level basis. In

{~te

total, it is estimated that the identified projects would

remove 2.0 million tons of salt per year, or about 25 per-
cent of the 11.4 million tons of salt estimated to reach
Hoover Dam at the year 2000, and annually thereaftew.
Approximately 79 percent of the above salt wouid be removed
by projects constructed in the Upper Basin and 21 percent
wouldé be removed by Lower Basin projects constructed between
Lee Ferry and Hoover Dam.

If constructed in a timely manner, these salinity control
projects would reduce the projected salinity at Parker

and Tmperial Dams by about 25 percent.

Salinity control projects are estimated to cost $380 million
and wnit cost of salt removal is estimated to be generally

within the range of from $4 to $12 per ton of salt per year.

Dividing total annual costs of the above salinity projects




by the estimated maximum dependable annual virgin flow at
Lee Ferry results in a unit annual cost in the order oi
83 per acre-foot of mainstream water,

Recommencations

The key policy objective should be to maintain salinity

of the Lower Colorado River at or near present levels,

To accomplish the above objective, construction of salinity

control projects should be scheduled for completion coinci-

dent with the completion of water projects that would
increase salinity in the Colorado River Basin in order to
offset such increases and maintain salinity in the Lower

Colorado River Basin near present levels.

Meetings should be held with the other Colorado River Basin

states and the Federal Government for the purpose of

establishing an action program to accomplish the above
recommendation through controlling Colorado River salinity
within the Framework of basinwide planning.

a. The reconnaissance level salinity control measures
which have been prepared to date by federal agencies
should be reviewed and feasibility studies immediately
commenced on all projects that are sufficiently well
defined and that show promise at the reconnaissance
level,

b. Investigations on a reconnaissance level should be

continued to identify other salinity control measures.
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c. Financing end legislation should be developed for a
Colorado River salinity control program that would
provide for federal construction of salinity control
projects,

The basin states should work to obtain Congressional

aurhorization and funding for the Colorado River salinity

control action program,.

Meetings should be held with the other basin states and

the Federal Government £for the purpose of establishing

numerical values for Colorado River salinity criteria as

part of each state's water quality standards under the

Federal Water Quality Act.

a. Numerical values reflecting the principle that salinity
jevels should remein near present levels by balancing
salinity control projects and water development projects
should be incorporated in criteria for each of the Colo-
rado River Basin state's water quality standards.

b. Each state's water quality standards should provide
for implementation of the numerical salinity criteria
through construction of salinity control projects or
other feasible measures.

The bagin states should continue to work for augmentation

of the Colorado River as an additional solution to the

salinity problem.
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TABLE &

WYATER AYD DISSOLVED :ilfiiinAl COHTRIDBUTIONS TROI NATURAL Ej
ORIGIN POINT SGURCES CULORADG RIVER BASTH

{8heet 1 of 2)

Flau Szlt Load
Grieenn River Subbasin Acre-TFeet/Year Eggleear

Jarzm Kendall Spring 4,000 6,570
Cold Kendall Spring 1,01& 2,920
Coal liine Drainage near

Ozl Creelk, Colorado 432 2,190
Steamboat Springs hilneral Springs 1,014 5,760
Jones iiole Creek-Whiripool Canyon 7,665
Split iountain Warm Springs 14,500 45,615
Test Hole nmear Jensen, Utah 365
Stinking Spring 50 365
Indian Creek Springs 470 1,095
Meeker Oil Test Hole 2,244 5,400
Piceance Creek ilell 16 6,205
Crystal Geyser 204 19,345

Subtotal 23,994 132,495

Upper liain Stem

Hot Sulpher Springs 0 0
Dotsero Spring 12,308 160,500
Glenwood Springs Area 13,032 335,300
Quray Hot Springs 725 1,460
Ridgeway Hot Springs 724 2,355
Paradise Hot Spring o0 730
Paradox Valley 251,120 b/

Subtotal 26,869 752,265

a/ TFederal ®ater Quality Adminigtration open files Denver, Colorado.

b/ lieasured increase in selt load of the San iiiguel River vhile

T flouing through the Paradox Valley, Colorado. Average gnnual
flou at ilaturita, Colorado, for 3%-year period 1923-67 is 249,000
acre-feet.




(3heet 2 of 2)

Flou 3alt Load
San Juan Subbasin Acre-Teet/Year Tons/Year
Panosa liot Springs 1,605 7,300
Pinkerton lot Spring 362 1,825
Subtotal 2,027 9,125
Total Upper Basin 52,390 593,085
Lover Colorado River Basin
Blue 3prings 159,000 547,500
iiiscellaneous small springs above
Grand Canyon 10,200 3,650
Vulcan or Lava Falls Spring 3,650
Miscellaneous springs above
Virgin River 7,665
Havasu Spring 47,000 23,725
La Verkin Spring 7,200 104,390
Littlefield Salt Springs 7,200 29,565
Roger Spring 1,500 6,250
Total Lower Basin 232,100 726,350

Grand Total -~ Colorado River Basin 254,990 1,620,235
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Salt Load Contribution by Upper Basin Projects

In a study conducted by the U. S. Geological Survey for
the period 1914 to 1957, weighted annual average of salt load
in the Colorado River, as a result of irrigation in the Upper
Colorado River Basin, was estimated at 2.4 tons per acre. More
recent studies made by the Bureau of Reclamation indicate that
salt vield per acre on newer projects may be somewhat less than
2.4 tons per acre, and the Bureau of Reclamation in its water
quality veports of the Colorado River Basin has used an assumed
value of 2.0 tons per acre annually, in addition to an alterna-
tive assumption of no salt pickup. The Federal Water Quality
Administration in Appendix A of its forthcoming report, "The
Mineral Quality Problem in the Colorado River Basin''(unpublished),
determined that in 19563 the average of salts added from irriga-
tion was about 1.7 tons per acre annually. After analyzing
available information, it was decided for this report to base
projections of future salinity on salt additions of 2.0 tons

per acre annually from irrigation of new lands in the Upper

Colorado River Basin.




Depletions for Irrigated Agriculture in the Upper Basin

Prior studies by the U. S. Bureau of Reclamation have
jndicatred that irrigation developments in the Upper Basin in
the past have depleted water at the rate of approximately 1.3
acre-feet per acre annually. In many cases, the irrigated areas
did not have a full supply for irvigation, particularly during
the latter pari of the irrigation season. Recent irrigation
projects have provided a full supply for existing irrigation
areas, and all new lands irrigated through future projects are
expected to have a full supply for irrigation throughout the
season.

Estimates from the Type I Framework Studies indicate that
present depletions by irrigated agriculture amount to slightly
less than 1.5 acre-feei per acre, and that by year 2020 irriga-
tion depletions will be slightly greater than 1.5 acre-feet per
acre.

Based on the above estimates, it was concluded that a use-
ate of 1.5 acre-feet per acre per year for all irrigated lands

in the Upper Basin would wmore accurately reflect expected future
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